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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce capacitance between a gate and 
a drain as increasing driving force while lowering gate resistance. 
SOLUTION: Doped polycrystalline silicon 13 and non-doped 
polycrystalline silicon 14 are deposited onto a P-type Si substrate 11 as 
a conductor layer for forming a gate electrode through an Si3N4 gate 
insulating film 12, and patterned, and the gate electrode 16 having ideal T 
type structure having a pair of side-wall oxide films 15 can be formed 
because the doped polycrystalline silicon 13 has oxidizing velocity larger 
than other sections when the P-type Si substrate 1 1 , the doped 
polycrystalline silicon 13 and the non-doped polycrystalline silicon 14 are 
oxidized. Joining sections on the surface of the P-type Si substrate 11 in 
sections having shallow junction depth in N-type high- concentration 
diffusion layers 1 7 shaped to the P-type Si substrate by ion implantation 
coincide with the opposed end sections of a pair of side wall oxide films 
15. Not only a metallic silicide layer 18 is formed to the upper section of 
the gate electrode 16 but also metallic silicide layers 19 are shaped to 
side sections. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor substrate of the 1st conductivity type, and the gate dielectric film alternatively 
formed in one principal plane of said semi-conductor substrate, The gate electrode prepared on said gate 
dielectric film, and the side-attachment-wall oxide film of the pair which was formed between the both ends of 
said gate electrode, and said gate dielectric film, and was prolonged to the method of outside [ location / of said 
gate electrode / both-ends ], The high concentration diffusion layer of the 2nd conductivity type of a pair with 
which the junction location in said semi-conductor substrate front face serves as the source/drain in accordance 
with the opposite edge of the side-attachment-wall oxide film of said pair while being formed in the field which 
sandwiches said gate dielectric film of said semi-conductor substrate and having the shallow junction depth 
under the side-attachment-wall oxide film of said pair, The MOS mold semiconductor device equipped with the 
1st metal silicide film formed over the upper part and the flank of said gate electrode. 

[Claim 2] The MOS mold semiconductor device according to claim 1 whose gate dielectric film is a nitride. 
[Claim 3] The MOS mold semiconductor device according to claim 1 or 2 characterized by forming the 2nd metal 
silicide film in the surface section of the high concentration diffusion layer of the 2nd conductivity type of a pair. 
[Claim 4] The process which forms gate dielectric film in one principal plane of the semi-conductor substrate of 
the 1st conductivity type, The process which deposits in order the 1st conductive film by which ion was doped, 
and the 2nd conductive film with which ion is not doped on said gate dielectric film, The process which carries 
out patterning of the photoresist to the position which becomes a gate electrode on said 2nd conductive film, 
The process alternatively etched until one principal plane of said semi-conductor substrate exposes the 
multilayers which consist of said gate dielectric film, said 1st conductive film, and said 2nd conductive film by 
using said photoresist as a mask by perpendicularly strong anisotropic etching, The process which forms a side- 
attachment-wall oxide film of a pair with which the oxide film which grows up to be the flank of said 1st 
conductive film according to the process which removes said photoresist, and an oxidation process becomes 
thicker than the oxide film which grows up to be said the 2nd flank and upper part, and said semi-conductor 
substrate of the conductive film, The process which makes the condition of having projected from the flank of 
said 2nd conductive film save the oxide film which removed the oxide film which grew up to be said the 2nd flank 
and upper part, and said semi-conductor substrate of the conductive film by isotropic etching, and grew up to be 
the flank of said 1st conductive film, While having the shallow junction depth under the side-attachment-wall 
oxide film of said pair with ion-implantation The process which forms the high concentration diffusion layer of the 
2nd conductivity type of a pair with which the junction location in said semi-conductor substrate front face 
serves as the source/drain in accordance with the opposite edge of the side-attachment-wall oxide film of said 
pair in the field which sandwiches said gate dielectric film of said semi-conductor substrate. The process which 
deposits a metal membrane on said semi-conductor substrate and said gate electrode, The manufacture 
approach of an MOS mold semiconductor device including the process which silicide-izes said metal membrane 
located in the upper part of said gate electrode, and a flank and the surface section of the high concentration 
diffusion layer of the 2nd conductivity type of said pair, and the process which removes said metal membrane 
which was not silicide-ized. 

[Claim 5] The manufacture approach of an MOS mold semiconductor device according to claim 4 that gate 
dielectric film is a nitride. 

[Claim 6] The manufacture approach of the MOS mold semiconductor device a publication according to claim 4 o 
5 that the 1st and 2nd conductive film is polycrystal silicone films. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention can realize super-high integration of an integrated circuit, and high-speed 
operation is possible for it, and it relates to the MOS mold semiconductor device and its manufacture approach 
of a low power. 
[0002] 

[Description of the Prior Art] In very-large-scale-integration equipment ******** VLSI, as for the MOS mold 
semiconductor device, detailed-ization of a device is performed from the request of super-high integration, high- 
speed operation, and low-power-izing. It is becoming impossible to already maintain the circuit property according 
to the trend of a scaling according to increase of the parasitic effect, i.e., parasitic capacitance, and parasitism 
resistance with detailed-izing of this device. Specifically, there are the following two big troubles. 
[0003] 1) Among the capacity between gate drains which has big effect on a circuit property, although gate drain 
overlap capacity (capacity produced into the part which the gate electrode and the drain field have countered) 
decreases with detailed-izing, regularity and since an oxide film becomes thin rather, fringe capacity (capacity 
produced between the side attachment wall of a gate electrode and a drain field) increases, without carrying out 
a scaling. Therefore, the rate of the fringe capacity occupied in the whole capacity between gate drains 
increases, and the circuit property corresponding to a scaling cannot be expected. 

[0004] 2) By the increment in the gate resistance of the unit gate width by reduction in gate length, if the same 
gate width compares, the rate of occupying to the time delay of the whole RC prolonged effect of a gate 
electrode with detailed-izing will increase. There are the following examples as a means to solve these two 
troubles. There is a salicide process as structure of there being T form gate structure as structure of reducing 
the capacity between gate drains of 1), and reducing the gate resistance of 2. As the typical reference, in 1, it is 
introduced to I.E.E.E 1991 I.E.D.M.Technical Digest pp 541-544, and is introduced to IEEE Trans.on ED, ED-29, 
1982, and pp 531-535 by 2. 

[0005] The example of the MOS mold semiconductor device (MOSFET) using the above T mold gate structure 
and salicide process is shown in drawing 3 . The P-type semiconductor substrate with which 21 consists of an Si 
substrate which added the P type impurity in drayying 3 , The gate oxide which formed 22 in the principal plane of 
the P-type semiconductor substrate 21 alternatively, The gate electrode of T form in which 23 was formed on 
gate oxide 22, an N type high concentration diffusion layer with shallow 24 (about [ 2x1 01 9cm - ] 3), 25 is Si02. 
A sidewall, an N type high concentration diffusion layer with deep 26 (about [ 2x1 020cm - ] 3), The metal silicide 
film which formed 27 in the upper part of a gate electrode by the salicide process, and 28 are the metal silicide 
film formed in the surface section of an N type high concentration diffusion layer by the salicide process. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the structure which adopted the above T mold gate 
structures and salicide processes is not enough as an MOS mold semiconductor device below a deep submicron 
field. The reason is for structure top driving force to seldom increase, even if gate length becomes small with the 
conventional T mold gate structure. 

[0007] Drawing 4 is drawing showing the transconductance of N-channel metal oxide semiconductor FET of the 
conventional example, and gate length's relation, an axis of abscissa shows gate length Lgate (micrometer), and 
the axis of ordinate shows the transconductance Gm (mS/mm) per unit gate width. In addition, Transconductance 
Gm is expressed with **Ids/**Vgs, when the drain current of N-channel metal oxide semiconductor FET is set 
to Ids and gate voltage is set to Vgs. 
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[0008] In drawing 4 , the top curve is the property of N-channel metal oxide semiconductor FET of the usual 
structure, and reoxidation thickness supports [ three lower curves ] 16nm, 24nm f and 36nm respectively in the 
property of N-channel metal oxide semiconductor FET of T mold gate structure. The gate oxidation thickness 
tOX is 4nm, and this MOSFET is single drain structure. With the usual structure, if gate length becomes small, to 
a transconductance increasing, even if gate length becomes small, a transconductance will seldom increase, and 
driving force will not increase from drawing 4 by T mold gate structure. 

[0009] The reason is as explaining below. That is, it is very difficult to make a long and slender BAZU beak at a 
gate edge, and to control the tip location correctly, therefore it difficult to double exactly the junction location of 
the boundary of the P-type semiconductor substrate 21 in the front face of the P-type semiconductor substrate 
21 of drawing 3 , and the shallow N type high concentration diffusion field 24, i.e., the P-type semiconductor 
substrate 21 and the shallow N type high concentration diffusion field 24, at the edge of the leg of the gate 
electrode 23 of T mold. If spacing of a junction location is set up narrowly, since the shallow N type high 
concentration diffusion field 24 of both the source and a drain will be connected on the front face of the P-type 
semiconductor substrate 21 depending on the case and the channel of an MOS mold semiconductor device will 
be lost, the shallow N type high concentration diffusion field 24 must be formed so that a junction location may 
become outside [ directly under / of the leg of the gate electrode 23 of T mold ] approach. 
[0010] However, if the field (field outside the leg of the gate electrode 23 of T mold) of an oxide film with an 
above-mentioned thick junction location is started The field of a before [ from the edge of the leg of the gate 
electrode 23 of T mold in the front face of the P-type semiconductor substrate 21 / a junction location ] Since 
the thickness of the gate oxide 22 between the gate electrodes 23 is thick, electric field cannot be added easily, 
moreover are not doped by N type, but since it is still P type Even if it forms the channel section directly under 
the leg of the gate electrode 23 of T mold by applying gate voltage to the gate electrode 23 The P type field from 
the channel section to that of the shallow N type high concentration diffusion layer 24 becomes very strong 
parasitism resistance, and even if resistance of the channel section is small, a ** rule will be carried out by the 
parasitism resistance, and although gate length becomes short, driving force will not increase the whole 
transconductance. Moreover, since the oxide film thickness of a core also becomes thick with growth of the 
BAZU beak by reoxidation, effectual gate oxidization thickness increases and resistance of the channel section 
increases. This phenomenon becomes so remarkable that gate length becomes small. The increment in driving 
force is restricted also at this point. 

[001 1] Moreover, in MOSFET whose gate oxidation thickness gate width is 4nm in 10 micrometers, if it assumes 
that sheet resistance is 10 ohms / ** extent, RC delay of the gate electrode will become 9ps extent. If this RC 
delay has fixed sheet resistance, it bases on gate length and is fixed. For example, in a 0.15-micrometer CMOS 
process, the gate delay is predicted to be 30ps extent, and, as for RC delay of a gate electrode, about 1/of gate 
length becomes whole 3 and a whole, very big thing. 

[0012] The purpose of this invention is offering the MOS mold semiconductor device which can fully reduce gate 
resistance, and its manufacture approach while being able to reduce the capacity between gate drains, making 
driving force increase to below a deep submicron field. 
[0013] 

[Means for Solving the Problem] An MOS mold semiconductor device according to claim 1 forms gate dielectric 
film in one principal plane of the semi-conductor substrate of the 1st conductivity type alternatively. Prepare a 
gate electrode on gate dielectric film, and the side-attachment-wall oxide film of the pair prolonged to the 
method of outside [ location / of a gate electrode / both-ends ] is formed between the both ends of a gate 
electrode, and gate dielectric film. The high concentration diffusion layer of the 2nd conductivity type of a pair 
with which the junction location in a semi-conductor substrate front face serves as the source/drain in 
accordance with the opposite edge of the side-attachment-wall oxide film of a pair while having the shallow 
junction depth under the side-attachment-wall oxide film of a pair to the field which sandwiches the gate 
dielectric film of a semi-conductor substrate is formed. The 1st metal silicide film is formed over the upper part 
and the flank of a gate electrode. 

[0014] According to this MOS mold semiconductor device, the side-attachment-wall oxide film of the pair 
prolonged to the method of outside [ location / of a gate electrode / both-ends ] is formed between the both 
ends of a gate electrode, and gate dielectric film, a gate electrode serves as T mold gate structure, and the 
distance between the high concentration diffusion layers of the 2nd conductivity type of the pair which is the 
flank, and a drain/source of a gate electrode increases, therefore the capacity between gate drains is reduced. 
Moreover, since gate voltage be effectively apply to the whole field of the semi-conductor substrate which serve 
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as the channel section under gate dielectric film since the junction location in the semi-conductor substrate 
front face of the high concentration diffusion layer of the 2nd conductivity type of a pair be in agreement with 
the opposite edge of the side attachment wall oxide film of a pair and the part of high resistance do not remain in 
the bottom of the side attachment wall oxide film of a pair, driving force will increase only the part to which gate 
length became short in connection with T mold gate structure. Moreover, since the 1st metal silicide film is 
formed not only in the upper part of a gate electrode but in a flank, gate resistance is fully reduced. Moreover, 
since it has the junction depth with the 2nd high concentration diffusion layer shallow under the side- 
attachment-wall oxide film of a pair, it becomes a device very strong against the short channel effect. 
[0015] The MOS mold semiconductor device according to claim 2 makes gate dielectric film the nitride in the 
MOS mold semiconductor device according to claim 1. 



\ 
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TECHNICAL FIELD 

[Field of the Invention] This invention can realize super-high integration of an integrated circuit, and high-speed 
operation is possible for it, and it relates to the MOS mold semiconductor device and its manufacture approach 
of a low power. 
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PRIOR ART 



[Description of the Prior Art] In very-large-scale-integration equipment ******** VLSI, as for the MOS mold 
semiconductor device, detailed-ization of a device is performed from the request of super-high integration, high- 
speed operation, and low-power-izing. It is becoming impossible to already maintain the circuit property according 
to the trend of a scaling according to increase of the parasitic effect, i.e., parasitic capacitance, and parasitism 
resistance with detailed-izing of this device. Specifically, there are the following two big troubles. 
[0003] 1) Among the capacity between gate drains which has big effect on a circuit property, although gate drain 
overlap capacity (capacity produced into the part which the gate electrode and the drain field have countered) 
decreases with detailed-izing, regularity and since an oxide film becomes thin rather, fringe capacity (capacity 
produced between the side attachment wall of a gate electrode and a drain field) increases, without carrying out 
a scaling. Therefore, the rate of the fringe capacity occupied in the whole capacity between gate drains 
increases, and the circuit property corresponding to a scaling cannot be expected. 

[0004] 2) By the increment in the gate resistance of the unit gate width by reduction in gate length, if the same 
gate width compares, the rate of occupying to the time delay of the whole RC prolonged effect of a gate 
electrode with detailed-izing will increase. There are the following examples as a means to solve these two 
troubles. There is a salicide process as structure of there being T form gate structure as structure of reducing 
the capacity between gate drains of 1), and reducing the gate resistance of 2. As the typical reference, in 1, it is 
introduced to I.E.E.E 1991 I.E.D.MTechnical Digest pp 541-544, and is introduced to IEEE Trans.on ED, ED-29, 
1982, and pp 531-535 by 2. 

[0005] The example of the MOS mold semiconductor device (MOSFET) using the above T mold gate structure 
and salicide process is shown in drawi ng 3 . The P-type semiconductor substrate with which 21 consists of an Si 
substrate which added the P type impurity in drayying_3 , The gate oxide which formed 22 in the principal plane of 
the P-type semiconductor substrate 21 alternatively, The gate electrode of T form in which 23 was formed on 
gate oxide 22, an N type high concentration diffusion layer with shallow 24 (about [ 2x1 01 9cm - ] 3), 25 is Si02. 
A sidewall, an N type high concentration diffusion layer with deep 26 (about [ 2x1 020cm - ] 3), The metal silicide 
film which formed 27 in the upper part of a gate electrode by the salicide process, and 28 are the metal silicide 
film formed in the surface section of an N type high concentration diffusion layer by the salicide process. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the side-attachment-wall oxide film of the pair prolonged to the method of outside 
[ location / of a gate electrode / both-ends ] was formed between the both ends of a gate electrode, and gate 
dielectric film according to the MOS mold semiconductor device according to claim 1 , it can become T mold gate 
structure, and the distance between the flank of a gate electrode and a drain can be earned, therefore the 
capacity between gate drains can be reduced. Moreover, since gate voltage can be effectively applied to the 
whole field of the semi-conductor substrate which serve as the channel section under gate dielectric film since 
the junction location in the semi-conductor substrate front face of the high concentration diffusion layer of the 
2nd conductivity type of a pair be made in agreement with the opposite edge of the side attachment wall oxide 
film of a pair and the part of high resistance do not remain in the bottom of the side attachment wall oxide film of 
a pair, in connection with T mold gate structure, only the part to which gate length became short can increase 
driving force. Moreover, since the 1st metal silicide film is formed not only in the upper part of a gate electrode 
but in a flank, gate resistance can fully be reduced. Moreover, since it has the junction depth with the 2nd high 
concentration diffusion layer shallow under the side-attachment-wall oxide film of a pair, it becomes a device 
very strong against the short channel effect. 

[0034] According to the MOS mold semiconductor device according to claim 2, supply of the oxygen from gate 
dielectric film to the gate electrode on it is intercepted. Since oxygen becomes [ being supplied from the side 
attachment wall of a gate electrode, and ] and oxygen is not supplied to the core of a gate electrode in case the 
side-attachment-wall oxide film of a pair is formed on gate dielectric film An oxide film will run from the side 
attachment wall of a gate electrode to gate dielectric film and abbreviation parallel toward the interior of a gate 
electrode, it is stopped that the side-attachment-wall oxide film of a pair becomes BAZU beak-like, it will be in 
the condition near an abbreviation square, and a gate electrode can be brought close to ideal T mold. Therefore, 
it becomes easy to lengthen the leg of T mold, without making the leg of T mold thin, and it becomes possible to 
reduce the capacity between gate drains further. 

[0035] According to the MOS mold semiconductor device according to claim 3, resistance of the source/drain 
can also be decreased. According to the manufacture approach of an MOS mold semiconductor device according 
to claim 4, the gate electrode has two-layer structure of the 1st conductive film by which ion was doped, and the 
2nd conductive film with which ion is not doped, and at an oxidation process, since the oxidation rate of the 1st 
conductive film is larger than the oxidation rate of the non dope polycrystalline silicon which is the 2nd 
conductive film, the configuration of a gate electrode can be used as T mold. Therefore, capacity between gate 
drains can be made small. 

[0036] Moreover, since gate voltage can be effectively apply to the whole field of the semi-conductor substrate 
which serve as the channel section under gate dielectric film since the junction location in a semi-conductor 
substrate front face be make in agreement with the opposite edge of the side attachment wall oxide film of a pair 
gate voltage be effectively apply to the bottom of the side attachment wall oxide film of a pair and the part of 
high resistance do not remain, in connection with T mold gate structure, only the part to which gate length 
became short can increase driving force. In addition, it is because the junction location of the high concentration 
diffusion layer which can control the die length with a sufficient precision, therefore is formed by the ion 
implantation since the side-attachment-wall oxide film of a pair is formed using the difference in an oxidation rate 
can be easily doubled with the opposite edge of the side-attachment-wall oxide film of a pair that driving force 
can be made to increase easily. 

[0037] Moreover, with the side-attachment-wall oxide film of a pair, since the silicide layer on a gate electrode 
and the silicide layer of the source/drain can be insulated.-izing not only of the upper part of a gate electrode 
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but the flank can be carried out [ silicide ] f and it can fully reduce gate resistance. Moreover, a high 
concentration diffusion layer with the shallow junction depth and a high concentration diffusion layer with the 
deep junction depth, i.e., the extension source / drain, can be formed at 1 time of an impregnation process with 
the side-attachment-wall oxide film of a pair. 

[0038] According to the manufacture approach of an MOS mold semiconductor device according to claim 5, 
supply of the oxygen from gate dielectric film to the gate electrode on it is intercepted. Since oxygen becomes 
[ being supplied from the side attachment wall of a gate electrode, and ] and oxygen is not supplied to the core of 
a gate electrode in case the side-attachment-wall oxide film of a pair is formed on gate dielectric film An oxide 
film will run from the side attachment wall of a gate electrode to gate dielectric film and abbreviation parallel 
toward the interior of a gate electrode, it is stopped that the side-attachment-wall oxide film of a pair becomes 
BAZU beak-like, it will be in the condition near an abbreviation square, and a gate electrode can be brought close 
to ideal T mold. Therefore, it becomes easy to lengthen the leg of T mold, without making the leg of T mold thin, 
and it becomes possible to reduce the capacity between gate drains further. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the structure which adopted the above T mold gate 
structures and salicide processes is not enough as an MOS mold semiconductor device below a deep submicron 
field. The reason is for structure top driving force to seldom increase, even if gate length becomes small with the 
conventional T mold gate structure. 

[0007] Drawin g 4 is drawing showing the transconductance of N-channel metal oxide semiconductor FET of the 
conventional example, and gate length's relation, an axis of abscissa shows gate length Lgate (micrometer), and 
the axis of ordinate shows the transconductance Gm (mS/mm) per unit gate width. In addition, Transconductance 
Gm is expressed with **Ids/**Vgs, when the drain current of N-channel metal oxide semiconductor FET is set 
to Ids and gate voltage is set to Vgs. 

[0008] In drayying 4 , the top curve is the property of N-channel metal oxide semiconductor FET of the usual 
structure, and reoxidation thickness supports [ three lower curves ] 16nm, 24nm, and 36nm respectively in the 
property of N-channel metal oxide semiconductor FET of T mold gate structure. The gate oxidation thickness 
tOX is 4nm, and this MOSFET is single drain structure. With the usual structure, if gate length becomes small, to 
a transconductance increasing, even if gate length becomes small, a transconductance will seldom increase, and 
driving force will not increase from drawing 4 by T mold gate structure. 

[0009] The reason is as explaining below. That is, it is very difficult to make a long and slender BAZU beak at a 
gate edge, and to control the tip location correctly, therefore it difficult to double exactly the junction location of 
the boundary of the P-type semiconductor substrate 21 in the front face of the P-type semiconductor substrate 
21 of d rawin g 3 , and the shallow N type high concentration diffusion field 24, i.e., the P-type semiconductor 
substrate 21 and the shallow N type high concentration diffusion field 24, at the edge of the leg of the gate 
electrode 23 of T mold. If spacing of a junction location is set up narrowly, since the shallow N type high 
concentration diffusion field 24 of both the source and a drain will be connected on the front face of the P-type 
semiconductor substrate 21 depending on the case and the channel of an MOS mold semiconductor device will 
be lost, the shallow N type high concentration diffusion field 24 must be formed so that a junction location may 
become outside [ directly under / of the leg of the gate electrode 23 of T mold ] approach. 
[0010] However, if the field (field outside the leg of the gate electrode 23 of T mold) of an oxide film with an 
above-mentioned thick junction location is started The field of a before [ from the edge of the leg of the gate 
electrode 23 of T mold in the front face of the P-type semiconductor substrate 21 / a junction location ] Since 
the thickness of the gate oxide 22 between the gate electrodes 23 is thick, electric field cannot be added easily, 
moreover are not doped by N type, but since it is still P type Even if it forms the channel section directly under 
the leg of the gate electrode 23 of T mold by applying gate voltage to the gate electrode 23 The P type field from 
the channel section to that of the shallow N type high concentration diffusion layer 24 becomes very strong 
parasitism resistance, and even if resistance of the channel section is small, a ** rule will be carried out by the 
parasitism resistance, and although gate length becomes short, driving force will not increase the whole 
transconductance. Moreover, since the oxide film thickness of a core also becomes thick with growth of the 
BAZU beak by reoxidation, effectual gate oxidization thickness increases and resistance of the channel section 
increases. This phenomenon becomes so remarkable that gate length becomes small. The increment in driving 
force is restricted also at this point. 

[0011] Moreover, in MOSFET whose gate oxidation thickness gate width is 4nm in 10 micrometers, if it assumes 
that sheet resistance is 10 ohms / ** extent, RC delay of the gate electrode will become 9ps extent. If this RC 
delay has fixed sheet resistance, it bases on gate length and is fixed. For example, in a 0.15-micrometer CMOS 
process, the gate delay is predicted to be 30ps extent, and, as for RC delay of a gate electrode, about 1/of gate 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the structure which adopted the above T mold gate 
structures and salicide processes is not enough as an MOS mold semiconductor device below a deep submicron 
field. The reason is for structure top driving force to seldom increase, even if gate length becomes small with the 
conventional T mold gate structure. 

[0007] Drawing 4 is drawing showing the transconductance of N-channel metal oxide semiconductor FET of the 
conventional example, and gate length's relation, an axis of abscissa shows gate length Lgate (micrometer), and 
the axis of ordinate shows the transconductance Gm (mS/mm) per unit gate width. In addition, Transconductance 
Gm is expressed with **Ids/**Vgs, when the drain current of N-channel metal oxide semiconductor FET is set 
to Ids and gate voltage is set to Vgs. 

[0008] In drayying 4 t h e top curve is the property of N-channel metal oxide semiconductor FET of the usual 
structure, and reoxidation thickness supports [ three lower curves ] 16nm, 24nm, and 36nm respectively in the 
property of N-channel metal oxide semiconductor FET of T mold gate structure. The gate oxidation thickness 
tOX is 4nm, and this MOSFET is single drain structure. With the usual structure, if gate length becomes small, to 
a transconductance increasing, even if gate length becomes small, a transconductance will seldom increase, and 
driving force will not increase from dravying 4 by T mold gate structure. 

r 0009] The reason is as explaining below. That is, it is very difficult to make a long and slender BAZU beak at a 
gate edge, and to control the tip location correctly, therefore it difficult to double exactly the junction location of 
the boundary of the P-type semiconductor substrate 21 in the front face of the P-type semiconductor substrate 
21 of drawing 3 , and the shallow N type high concentration diffusion field 24, i.e., the P-type semiconductor 
substrate 21 and the shallow N type high concentration diffusion field 24, at the edge of the leg of the gate 
electrode 23 of T mold. If spacing of a junction location is set up narrowly, since the shallow N type high 
concentration diffusion field 24 of both the source and a drain will be connected on the front face of the P-type 
semiconductor substrate 21 depending on the case and the channel of an MOS mold semiconductor device will 
be lost, the shallow N type high concentration diffusion field 24 must be formed so that a junction location may 
become outside [ directly under / of the leg of the gate electrode 23 of T mold ] approach. 
[0010] However, if the field (field outside the leg of the gate electrode 23 of T mold) of an oxide film with an 
above-mentioned thick junction location is started The field of a before [ from the edge of the leg of the gate 
electrode 23 of T mold in the front face of the P-type semiconductor substrate 21 / a junction location ] Since 
the thickness of the gate oxide 22 between the gate electrodes 23 is thick, electric field cannot be added easily, 
moreover are not doped by N type, but since it is still P type Even if it forms the channel section directly under 
the leg of the gate electrode 23 of T mold by applying gate voltage to the gate electrode 23 The P type field from 
the channel section to that of the shallow N type high concentration diffusion layer 24 becomes very strong 
parasitism resistance, and even if resistance of the channel section is small, a ** rule will be carried out by the 
parasitism resistance, and although gate length becomes short, driving force will not increase the whole 
transconductance. Moreover, since the oxide film thickness of a core also becomes thick with growth of the 
BAZU beak by reoxidation, effectual gate oxidization thickness increases and resistance of the channel section 
increases. This phenomenon becomes so remarkable that gate length becomes small. The increment in driving 
force is restricted also at this point. 

[0011] Moreover, in MOSFET whose gate oxidation thickness gate width is 4nm in 10 micrometers, if it assumes 
that sheet resistance is 10 ohms / ** extent, RC delay of the gate electrode will become 9ps extent. If this RC 
delay has fixed sheet resistance, it bases on gate length and is fixed. For example, in a 0.1 5-micrometer CMOS 
process, the gate delay is predicted to be 30ps extent, and, as for RC delay of a gate electrode, about 1/of gate 
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length becomes whole 3 and a whole, very big thing. 

[0012] The purpose of this invention is offering the MOS mold semiconductor device which can fully reduce gate 
resistance, and its manufacture approach while being able to reduce the capacity between gate drains, making 
driving force increase to below a deep submicron field. 
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MEANS 

[Means for Solving the Problem] An MOS mold semiconductor device according to claim 1 forms gate dielectric 
film in one principal plane of the semi-conductor substrate of the 1 st conductivity type alternatively. Prepare a 
gate electrode on gate dielectric film, and the side-attachment-wall oxide film of the pair prolonged to the 
method of outside [ location / of a gate electrode / both-ends ] is formed between the both ends of a gate 
electrode, and gate dielectric film. The high concentration diffusion layer of the 2nd conductivity type of a pair 
with which the junction location in a semi-conductor substrate front face serves as the source/drain in 
accordance with the opposite edge of the side-attachment-wall oxide film of a pair while having the shallow 
junction depth under the side-attachment-wall oxide film of a pair to the field which sandwiches the gate 
dielectric film of a semi-conductor substrate is formed. The 1st metal silicide film is formed over the upper part 
and the flank of a gate electrode. 

[0014] According to this MOS mold semiconductor device, the side-attachment-wall oxide film of the pair 
prolonged to the method of outside [ location / of a gate electrode / both-ends ] is formed between the both 
ends of a gate electrode, and gate dielectric film, a gate electrode serves as T mold gate structure, and the 
distance between the high concentration diffusion layers of the 2nd conductivity type of the pair which is the 
flank, and a drain/source of a gate electrode increases, therefore the capacity between gate drains is reduced. 
Moreover, since gate voltage be effectively apply to the whole field of the semi-conductor substrate which serve 
as the channel section under gate dielectric film since the junction location in the semi-conductor substrate 
front face of the high concentration diffusion layer of the 2nd conductivity type of a pair be in agreement with 
the opposite edge of the side attachment wall oxide film of a pair and the part of high resistance do not remain in 
the bottom of the side attachment wall oxide film of a pair, driving force will increase only the part to which gate 
length became short in connection with T mold gate structure. Moreover, since the 1st metal silicide film is 
formed not only in the upper part of a gate electrode but in a flank, gate resistance is fully reduced. Moreover, 
since it has the junction depth with the 2nd high concentration diffusion layer shallow under the side- 
attachment-wall oxide film of a pair, it becomes a device very strong against the short channel effect. 
[0015] The MOS mold semiconductor device according to claim 2 makes gate dielectric film the nitride in the 
MOS mold semiconductor device according to claim 1. According to this MOS mold semiconductor device, supply 
of the oxygen from gate dielectric film to the gate electrode on it is intercepted. Since oxygen becomes [ being 
supplied from the side attachment wall of a gate electrode, and ] and oxygen is not supplied to the core of a gate 
electrode in case the side-attachment-wall oxide film of a pair is formed on gate dielectric film An oxide film will 
run from the side attachment wall of a gate electrode to gate dielectric film and abbreviation parallel toward the 
interior of a gate electrode, it is stopped that the side-attachment-wall oxide film of a pair becomes BAZU beak- 
like, it will be in the condition near an abbreviation square, and a gate electrode will be in the condition near ideal 
T mold. Therefore, it becomes easy to lengthen the leg of T mold, without making the leg of T mold thin, and the 
capacity between gate drains is reduced further. 

[0016] The MOS mold semiconductor device according to claim 3 forms the 2nd metal silicide film in the surface 
section of the high concentration diffusion layer of the 2nd conductivity type of a pair in an MOS mold 
semiconductor device according to claim 1 or 2. According to this MOS mold semiconductor device, resistance o1 
the source/drain will also decrease. The manufacture approach of an MOS mold semiconductor device according 
to claim 4 Form gate dielectric film in one principal plane of the semi-conductor substrate of the 1st conductivitv 
type, and the 1st conductive film by which ion was doped on this gate dielectric film, and the 2nd conductive film 
with which ion is not doped are deposited in order. Subsequently, patterning of the photoresist is carried out to 
the position which becomes a gate electrode on the 2nd conductive film. It etches alternatively until one principa ! 
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plane of a semi-conductor substrate exposes the multilayers which consist of gate dielectric film, the 1st 
conductive film, and the 2nd conductive film by using a photoresist as a mask by perpendicularly strong 
anisotropic etching. Then, remove a photoresist and a side-attachment-wall oxide film of a pair with which the 
oxide film which grows up to be the flank of the 1st conductive film according to an oxidation process becomes 
thicker than the oxide film which grows up to be the 2nd flank and upper part, and semi-conductor substrate of 
the conductive film is formed. Subsequently, the oxide film which grew up to be the 2nd flank and upper part, and 
semi-conductor substrate of the conductive film by isotropic etching is removed, and the condition of having 
projected from the flank of the 2nd conductive film is made to save the oxide film which grew up to be the flank 
of the 1st conductive film. Next The high concentration diffusion layer of the 2nd conductivity type of a pair with 
which the junction location in a semi-conductor substrate front face serves as the source/drain in accordance 
with the opposite edge of the side-attachment-wall oxide film of said pair while having the shallow junction depth 
under the side-attachment-wall oxide film of a pair with ion-implantation is formed in the field which sandwiches 
the gate dielectric film of a semi-conductor substrate. The metal membrane which deposited the metal 
membrane on the semi-conductor substrate and the gate electrode, silicide-ized the metal membrane 
subsequently to the upper part of a gate electrode, and a flank and the surface section of the high concentration 
diffusion layer of the 2nd conductivity type of a pair located, and was not silicide-ized after that is removed. 
[0017] According to the manufacture approach of this MOS mold semiconductor device, the gate electrode has 
two-layer structure of the 1st conductive film (for example, it consists of dope polycrystalline silicon) by which 
ion was doped, and the 2nd conductive film (for example, it consists of non dope polycrystalline silicon) with 
which ion is not doped. At an oxidation process, since the oxidation rate of the 1st conductive film is larger than 
the oxidation rate of the 2nd conductive film, the configuration of a gate electrode becomes T mold. Therefore, 
the capacity between gate drains becomes small. 

[0018] moreover , since gate voltage can be effectively apply to the whole field of the semi-conductor substrate 
which serve as the channel section under gate dielectric film since the junction location in a semi-conductor 
substrate front face be make in agreement with the opposite edge of the side attachment wall oxide film of a pair 
and the part of high resistance do not remain in the bottom of the side attachment wall oxide film of a pair , it 
come to be alike that driving force increase only the part to which gate length became short in connection with T 
mold gate structure In addition, it is because the junction location of the high concentration diffusion layer which 
can control the die length with a sufficient precision, therefore is formed by the ion implantation since the side- 
attachment-wall oxide film of a pair is formed using the difference in an oxidation rate can be easily doubled with 
the opposite edge of the side-attachment-wall oxide film of a pair that it is possible to make driving force 
increase. 

[0019] Moreover, with the side-attachment-wall oxide film of a pair, since the silicide layer on a gate electrode 
and the silicide layer of the source/drain are insulated ,-izing not only of the upper part of a gate electrode but 
the flank can be carried out [ silicide ], and gate resistance is fully reduced. Moreover, a high concentration 
diffusion layer with the shallow junction depth and a high concentration diffusion layer with the deep junction 
depth, i.e., the extension source / drain, are formed at 1 time of an impregnation process with the side- 
attachment-wall oxide film of a pair. 

[0020] The manufacture approach of an MOS mold semiconductor device according to claim 5 makes gate 
dielectric film the nitride in the manufacture approach of an MOS mold semiconductor device according to claim 
4. According to this MOS mold semiconductor device, supply of the oxygen from gate dielectric film to the gate 
electrode on it is intercepted, in case the side-attachment-wall oxide film of a pair is formed on gate dielectric 
film, oxygen becomes [ being supplied from the side attachment wall of a gate electrode, and ], and oxygen is not 
supplied to the core of a gate electrode. Therefore, an oxide film will run from the side attachment wall of a gate 
electrode to gate dielectric film and abbreviation parallel toward the interior of a gate electrode, it is stopped that 
the side-attachment-wall oxide film of a pair becomes BAZU beak-like, it will be in the condition near an 
abbreviation square, and a gate electrode will be in the condition near ideal T mold. Therefore, it becomes easy to 
lengthen the leg of T mold, without making the leg of T mold thin, and the capacity between gate drains is 
reduced further. 

[0021] The manufacture approach of an MOS mold semiconductor device according to claim 6 is using the 1st 
and 2nd conductive film as the polycrystal silicone film in the manufacture approach of an MOS mold 
semiconductor device according to claim 4 or 5. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the MOS mold semiconductor device of this 
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invention and its manufacture approach is explained, referring to a drawing. 

[Gestalt of operation of an MOS mold semiconductor device] Drawing 1 is a sectional view in the gestalt of 
operation of the MOS mold semiconductor device of this invention. In drawing 1 , 1 is a P-type semiconductor 
substrate which consists of an Si substrate with which the P type impurity was introduced. 2 is Si3 N4 
alternatively formed on the 1 principal plane of the P-type semiconductor substrate 1 . It is gate dielectric film 
which consists of film. 4 is the gate electrode of T mold structure established on gate dielectric film 2, and the 
both ends are retreating from the edge of gate dielectric film 2 to the method of inside. 3 is the side- 
attachment-wall oxide film of the pair formed between the edge of the gate electrode 4, and gate dielectric film 2, 
and the edge crossed the edge of the gate electrode 4, and has extended to the method of outside across the 
edge of gate dielectric film 2 further. 5 is the high concentration diffusion layer of the 2nd conductivity type of a 
pair with which the junction location in the front face of the P-type semiconductor substrate 1 serves as the 
source/drain in accordance with the opposite edge of the side-attachment-wall oxide film 3 of a pair while it is 
formed in the field which sandwiches the gate dielectric film 2 of the P-type semiconductor substrate 1 and has 
the shallow junction depth under the side-attachment-wall oxide film 3 of a pair. 5a is a shallow N type high 
concentration diffusion layer, and 5b is a deep N type diffusion layer. 6 is the metal silicide film formed over the 
upper part and the flank (except for the flank of the leg) of the gate electrode 4 of T mold structure, 7 is the 
metal silicide film formed in the surface section of the high concentration diffusion layer 5 of the 2nd conductivity 
type of a pair, this is formed of a salicide process and insulating separation is carried out with the side- 
attachment-wall oxide film 3 of a pair. 

[0023] A characteristic thing with the structure of the MOS mold semiconductor device of dra w ing 1 Since the 
side-attachment-wall oxide film 3 of the pair which carried out the configuration of an abbreviation rectangle is in 
the edge of the gate electrode 4 It is the gate electrode 4 of ideal T mold structure, and the junction location of 
the high concentration diffusion layer 5 is doubled with the opposite edge of the side-attachment— wall oxide film 
3 of this pair, It is forming the metal silicide film 6 not only in the upper part of the gate electrode 4 but in a flank, 
and that the junction depth of the high concentration diffusion layer 5 under the side-attachment-wall oxide film 
3 of a pair is shallow. 

[0024] In addition, with the gestalt of the above-mentioned implementation, although gate dielectric film 2 was 
constituted from a silicon nitride, it may consist of silicon oxide. Since the side-attachment-wall oxide film 3 of 
the pair prolonged to the method of outside [ location / of the gate electrode 4 / both-ends ] was formed 
between the both ends of the gate electrode 4, and gate dielectric film 2 according to the gestalt of this 
operation, it can become T mold gate structure, and the distance between the flank of the gate electrode 4 and a 
drain can be earned, therefore the capacity between gate drains can be reduced. Moreover, since the junction 
location in the front face of the P-type semiconductor substrate 1 of the high concentration diffusion layer 5 of 
the 2nd conductivity type of a pair was made in agreement with the opposite edge of the side-attachment-wall 
oxide film 3 of a pair Since gate voltage can be effectively applied to the whole field of the P-type semiconductor 
substrate 1 used as the channel section under gate dielectric film 2, gate voltage is not effectively applied to the 
bottom of the side-attachment-wall oxide film 3 of a pair and the part of high resistance does not remain In 
connection with T mold gate structure, only the part to which gate length became short can increase driving 
force. Moreover, since the 1st metal silicide film 6 is formed not only in the upper part of the gate electrode 4 but 
in a flank, gate resistance can fully be reduced. Moreover, since it has the junction depth with the 2nd high 
concentration diffusion layer 5 shallow under the side-attachment-wall oxide film 3 of a pair, it becomes a device 
very strong against the short channel effect. 

[0025] Moreover, supply of the oxygen from gate dielectric film 2 to the gate electrode 4 on it is intercepted. 
Since oxygen becomes [ being supplied from the side attachment wall of the gate electrode 4, and ] and oxygen 
is not supplied to the core of the gate electrode 4 in case the side-attachment-wall oxide film 3 of a pair is 
formed on gate dielectric film 2 An oxide film will run from the side attachment wall of the gate electrode 4 to 
gate dielectric film 2 and abbreviation parallel toward the interior of the gate electrode 4, it is stopped that the 
side-attachment-wall oxide film 3 of a pair becomes BAZU beak-like, it will be in the condition near an 
abbreviation square, and the gate electrode 4 can be brought close to ideal T mold. Therefore, it becomes easy 
to lengthen the leg of T mold, without making the leg of T mold thin, and it becomes possible to reduce the 
capacity between gate drains further. Moreover, since the metal silicide film 7 is formed in the surface section of 
the high concentration diffusion layer 5 of the 2nd conductivity type of a pair, resistance of the source/drain can 
also be decreased. 

[0026] [Gestalt of implementation of the manufacture approach of an MOS mold semiconductor device] Drawing 
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2 (a) - (d) is a process sectional view in the gestalt of implementation of the manufacture approach of the MOS 
mold semiconductor device of this invention. Hereafter, the manufacture approach of an MOS mold 
semiconductor device is explained, referring to drawing 2 . It is Si3 N4 on the P-type semiconductor substrate 1 1 
which becomes the beginning from a P type Si substrate as first shown in drawing 2 (a). Gate dielectric film 12 is 
formed in about 8nm. In addition, the P-type semiconductor substrate 1 1 top and Si3 N4 The about 1-2nm 
natural oxidation film may be respectively formed in gate dielectric film 12. In that case, Si3 N4 Gate dielectric 
film 1 2 is formed in about 4nm, and it is set up so that it may be set to about 4-5nm by oxide-film conversion. In 
addition, as sequence of the process in this case, it is Siafter about 1-2nm natural oxidation film was formed on 
P-type semiconductor substrate 113 N4. Gate dielectric film 12 is deposited and it is Si3 N4 after that further. 
The about 1-2nm natural oxidation film will be formed on gate dielectric film 12. 

[0027] Next, it is Si3 N4. On gate dielectric film 12, it deposits at 60nm of thickness, and the dope polycrystal 
silicone film 13 and the undoping polycrystal silicone film 14 are respectively deposited on about 140nm in order. 
At this time, the dope polycrystal silicone film 13 is N type, and is doped by about [ 2x1 020cm - ] three. 
Furthermore, patterning is carried out so that it may leave a photoresist to the position which deposits a 
photoresist (not shown) on the undoping polycrystal silicone film 14, and becomes the gate electrode 16 (refer to 
drawing 2 (c) and (d)) on the undoping polycrystal silicone film 14 after that. And it leaves the part which serves 
as the gate electrode 16 alternatively by performing anisotropic etching perpendicularly strong as a mask in a 
photoresist. Finally, a photoresist is removed. 

[0028] Next, as shown in dr awin g 2 (b), 850-degree-C heat treatment for 15 minutes is performed in a wet 
oxygen ambient atmosphere (H2 0+02 ambient atmosphere), thereby — a total of 40nm of each and the 80nm 
side-attachment-wall oxide film 15 is formed [ the upper part and the flank on the undoping polycrystal silicone 
film 14 / an outside and the inside / the flank of 20nm and the dope polycrystal silicone film 13 ] from the edge 
of the gate electrode 16 at a gate edge to an outside, and the inside on 10nm of each, a total of 20nm, and the 
P-type semiconductor substrate 1 1 . In addition, the dope polycrystalline silicon 13 and the non dope polycrystal 
14 which the impurity diffused become the thing of one by the above-mentioned heat treatment. 
[0029] Next, as shown in dr awing 2 (c), the wet etching (isotropic etching) of the conditions for NH4 F:HF=20:1, 
20 degrees C. and 20 seconds removes the side-attachment-wall oxide film 1 5 formed on the upper part on the 
undoping polycrystal silicone film 14 and the flank, and the P-type semiconductor substrate 1 1. At this time, as 
for the side-attachment-wall oxide film of the flank of the dope polycrystal silicone film 13, 30nm and height are 
respectively set to 40nm from the edge of the gate electrode 16 at an outside and the inside. Isotropic dry 
etching is also possible for the above-mentioned process. 

[0030] The N type high concentration diffusion layer 1 7 which are with the impurity of N type, impregnation 
energy 20keV, and an impregnation dose of about 4x1015 conditions, for example, serves as the source/drain by 
performing the ion implantation of As ion next gate electrode [ of N type ] 16 and P-type semiconductor 
substrate top 11 is formed. Furthermore, activation of the source / drain, and the gate electrode 16 is performed 
to coincidence by performing lamp annealing (RTA; rapid thermal annealing) on condition that 1000 degrees C and 
10sec. At this time, the junction depth of the N type high concentration diffusion layer 17 with the junction depth 
of shallow N channel high concentration diffusion layer 17a under the side-attachment-wall oxide film 15 of the 
pair of the N type high concentration diffusion layer 17 deep [ about 50nm, and the other other source/drain ] is 
set to about 100nm. Moreover, the junction location of the N type high concentration diffusion layer 17 and 
location of the opposite edge of the side-attachment-wall oxide film 15 of a pair of overlap length of the 
source/drain which are set to about 30nm and serve as the source/drain correspond. In addition, in order to 
make the junction location of the N type high concentration diffusion layer 17, and the location of the opposite 
edge of the side-attachment-wall oxide film 15 of a pair mostly in agreement in this way. it is necessary to set up 
the conditions of lamp annealing, and the conditions of an ion implantation proper. 

[0031] Next, Co is deposited on about 10nm and about 20nm of TiN(s) is made to deposit in order as a metal 
membrane, as shown in drawing 2 (d) (it is considering as two-layer structure for antioxidizing of Co). The high 
concentration diffusion layer 17 which serves as the source/drain of gate electrode 16 and P-type 
semiconductor substrate top 1 1 by performing 450 degrees C of 1st heat treatment for 30 minutes is silicide- 
ized (salicide process). Furthermore, the metal silicide film 18 and 19 is formed by etching the Co/TiN layer which 
was not silicide-ized on condition that NH4 OH+H2 02+H2 O (65 degrees C, 90 seconds) and HCI+H 202 (a room 
temperature, 3 minutes). Furthermore, in order to attain low resistance-ization of the metal silicide film 18 and 
19, 2nd heat treatment is performed by 750 degrees C and RTA for 30 seconds. 

[0032] With the gestalt of implementation of the manufacture approach of the MOS mold semiconductor device 
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constituted as mentioned above, the gate electrode 16 has two-layer structure of the dope polycrystal silicone 
film 13 and the undoping polycrystal silicone film 14, and in an oxidation process, since the oxidation rate of the 
dope polycrystal silicone film 13 is large, the configuration of the gate electrode 16 can be used as T mold. Under 
the present circumstances, since the side-attachment-wall oxide film 15 of a pair is formed using the difference 
in an oxidation rate, the junction location of the high concentration diffusion layer 17 which can control that die 
length with a sufficient precision, therefore is formed by the ion implantation can be easily doubled with the 
opposite edge of the side-attachment-wall oxide film 1 5 of a pair, therefore driving force can be made to 
increase easily. Moreover, since oxygen is not supplied to the core of the gate electrode 16 since the silicon 
nitride film is used as gate dielectric film 1 2, and a BAZU beak is not formed in the edge of the gate electrode 1 6, 
the gate electrode 16 of ideal T mold structure can be made. Moreover, since the metal silicide film 19 on the 
high concentration diffusion layer 17 which serves as the metal silicide film 18 on the gate electrode 4, and the 
source/drain with the side-attachment-wall oxide film 15 of a pair can be insulated -izing not only of the upper 
part of the gate electrode 16 but the flank can be carried out [ silicide ]. Moreover, high concentration diffusion 
layer 17a with the shallow junction depth and high concentration diffusion layer 17b with the deep junction depth, 
i.e., the extension source / drain, can be formed at 1 time of an impregnation process by existence of the side- 
attachment-wall oxide film 15 of a pair. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the structure section Fig. showing the gestalt of operation of the MOS mold semiconductor 
device of this invention. 

[Dra win g 2] It is the structure section Fig. showing the gestalt of implementation of the manufacture approach of 
the MOS mold semiconductor device of this invention. 

[Drawing 3] It is the structure section Fig. showing the MOS mold semiconductor device of the conventional 
example. 

LDra_w|ng. 4] It is drawing showing the transconductance of the MOS mold semiconductor device of the 
conventional example, and gate length's relation. 
[Description of Notations] 

1 P-type Semiconductor Substrate 

2 Si3 N4 Gate Dielectric Film 

3 Side-Attachment-Wall Oxide Film 

4 Gate Electrode 

5 N Type High Concentration Diffusion Layer 

5a A shallow N type high concentration diffusion layer 
5b A deep N type high concentration diffusion layer 

6 Metal Silicide Film 

7 Metal Silicide Film 

1 1 P-type Semiconductor Substrate 

1 2 Si3 N4 Gate Dielectric Film 

13 Dope Polycrystalline Silicon 

14 Non Dope Polycrystalline Silicon 

15 Side-Attachment-Wall Oxide Film 

16 Gate Electrode 

1 7 N Type High Concentration Diffusion Layer 

17a A shallow N type high concentration diffusion layer 
1 7b A deep N type high concentration diffusion layer 

18 Metal Silicide Film 

19 Metal Silicide Film 

21 P-type Semiconductor Substrate 

22 Gate Oxide 

23 Gate Electrode 

24 Shallow N Type High Concentration Diffusion Layer 

25 Si02 Sidewall 

26 Deep N Type High Concentration Diffusion Layer 

27 Metal Silicide Film 

28 Metal Silicide Film 
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[D r awing 2] 



1 Pfl¥**£tt 

2 sij Ni Y-hmmm 

3 mmm<m 

5 a ft^NSiliSttH 

5 b ttV*N£ftM&ttl»I 

6 £jRv»J*Nf KM 

7 *MS/»J«NfKM 
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17 11 P£ftM*f*£tK 

12 Si, N, y-htt&m 

i e y- h«* 

1 7 NSftfflKitfta 

1 7 a »^Ng»*ffttttJ» 

1 7 b i5n>Nfi**Bt1£IStM 

1 9 &JR«;"JUM' KJB 



[Drawing 3] 
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2 1 P834M»<*lfc« 

2 2 Y-HMfll 

2 3 Y- h*ft 

2 4 ^N&MO&fUf 

2 5 S i Ot 1M h'**-* 

2 8 5l'N£ft&at*dKII 

2 7 AiS/'Jt-f KH 

2 8 _URS/i;*<f Kft 



[Drawing 4] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/06/08 



JP,09-082958,A [DRAWINGS] 



3/3 




100 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 
Lgate(nm) 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/06/OS 



<i9>h*hm«ws* (j p) 02) & ^ i£p ^ $g (a) iummsm&m*** 

#|SW9- 82958 

(43)£JHB ¥i£ 9 (1997) 3/128 B 



eointci. 8 wwe* ffftwrn*} fi etw«*srm 

H 0 1 L 29/78 HO 1L 29/78 3 0 1 G 

21/28 3 0 1 21/28 3 0 1 D 

21/336 29/78 3 0 1L 

3 0 1 S 



(21)UJH#^ 


45WF7 - 239351 


(71)WfSA 


000005821 










(22) HUB B 


3p« 7 ^(1995) 9^193 










(72)S89i# 


llJT *BJ 








AE^n*m^ra*tioo6»« *»T*« 














(74)ttSA 





(54) MOSS!^^$ie*<fc«-€-©SBS*t* 



(57) [S»] 

•[fp^a] pis i as 1 1 .hies i 3 N 4 y- h 

T, K— y#jSS->'J3>l 3t;>H-^MS->U 
3>14S«HIU /X*— PSSilt 
•1 1 £ F-^ttftS'U 3>13t/> K fi-> 

^©tijii^(b^ i 5 sr^-r&s^w&Ti^jicDy- h 
tiffii 6*5-e#^><, £/c> pis i s«ic-r^->ttAtc 

£=frr &a$#©psjs is«i 1 

fcfGDflJffi&ftBI 1 5©*f|6]igg&£— aUTios. 

y— 6©±a»C*JS->U-y-f KIl 8£f§:tt-g> 



(b) 



<e) 




11 

17* 17 b 

— 

12 Si. N, V-H k 

IS K-7**ft;/.j3> 

1 5 WMttftJI 

18 r- h«i 

1 7 Nsneaatittx 

I 7 a »PN&«lfttt«l 

1 7 b SttiNfimflEtttW 

1 8 AlV?^ KM 

I 9 A«>'J-*-f KM 



(2) 



ftfflW- 9 - 8 2 9 5 8 



1 

tflEy- hmmm±\zwt»^tiTz j f- nit, 
muf- hmm<Dm^tm$nr- h$&mm<Dffl\zwi$. 

«D{aijs^b^<z)^f6]^t-Sibv-x/ f i/-r >tft 
.&-#©?£ 2 mmmwmm&tikWimt* 

•[Sit#3B2] y-hiSs6^d^lb)^T-*^ii*^lfB 
i©MOSI^SI. 

•[is^3] -*fw^2^s©i«ssi£me«)*s 

MfBy- htt*K±K:-f K-hr>^$nfc^ i © 

^ « m t -r * > ** f - tf > y $ n r i> ft ^ sg 2 © m m 
&mz\mizmm-fz>T.mt. 

•7* bU>?X hS;^-^>^Igi, 

#g^&^ia*i^ic^^s^ttx^^>^tc«toflfriB# 30 

WE?* h^v 5 * HSiStSISi:, 

BMbi8K:<fc owes i (Drnm^m^mmz^mr &m 
{c ^fi-r s sttfit ± o m < ft & <t -5 a: — «• © fiis 

mlESfl 1 ©i»«ttBI©««fc«fibfc»fl:«SrlWES8 2 40 

-f *>&a&k J; t) rttE-j»©«a»<biitoTT?at»« 

£S§ £ & ft -5 <h £ t> »C Sffi^® \Z *3 -5> & 

£fi«tf«WE-#©«S«fc*©»rott«£-SLV- 
H U-f > <bft£-*f ©SI 2 Wt£C!)i«ttft&1lfcJ|£ 
WE¥^*S«©MEy- h«»ilS«tr«l*i=»J«r 

jWE¥»ffS«*S«fctfl»ey- b«ffi±K:&Jgg|£:*tt«| 



2 

iEy- h««©±8M3£lWM»£«IE— *f©J6 2 *« 
S©iS»ftl£*Ji«)*Jit8k:ffi«-r4*9E&«BtS:->«J 

•> 'J tM h* ft S rift fcilBiSI * 5Igi 
£-&tTMO S S#^SS©Mit*ffi. 

•[»*K5 ] ¥- h&mmtfm<tmT~&z>m7£m4m 

«©MO S S¥Sftgm©Kig*ffi. 
•[8***6] SBl*«fei;*2©i»«ttBS*»*tSJ|->U 
D >^TS>Sfi**4 SfcttW *S 5 fB«©Em©MO 
S S!^««:Sg©SSjfi*ffi. 

•[0 0 0 1 ] 

•[*9i<!)ir*8«»»] c©^ajtt, **iEiifs©®iii 
gi-r2>fe©Tfe^o 

•[0 0 0 2] 

•[se*©g«] a*aiiitt*iHr»to«j>-6VLs i 

^ft«»«*{b©*»3&» <=> 5W x©sgtssft#fT r)tiT 
^s. c©xA*-rx©«ifflftic#^, ^^m-rftr>*- 

© h U- > h* Kfto fciggSif#tt^*ft^T#ft < ft D 
*. A#K){CHJEi 1 T©2 0©^:$ftP^S^^$)S. 
•[0 0 0 3] 1 ) 0B«M4K:*#fcie#?£R«-ry- b 

•• KK>ra^*©5^, *»flsicflsv»^*— h • fk 
ft-5fe«6icitjjn-r^>. ifc^t, y-h- vv^ym 

^«©^frtC I 5«)^7'J>^^«©S"J^Hiitiab, X^r 

•[0 0 0 4] 2) y- Fg©^>{C±^Wi^*- hH© 
y*-hffi6x©tiin(C e tD> BUy-KBTIt«t4t. 
VSlMfciZft-DT:?- h«ffi©R CI@gllroift:(DlI 

«ftt^fgi:bTttEJ.TO±5&W^fe'5. 1) ©V 

^mmtf&v, 2) ©y-hssi^^T^fiiit 

tbTte-y-'J-y-'f K^ntX^S. ^©^;*65ft^:S)c 
tLTH 1) TttMAtfltEE 1991 I. E. D. M. Tech 
nical Digest pp541-544fc. 2) T?«^JA«1EEE Tran 
s. on ED. ED-29, 1982. pp531-535fc*S^$riTt^„ 

•[0 0 0 5] Jik±<DTm?-hmm$>£.ztw *m y~? 
a-^T.^m^tzMosm^mwmm. (mosfet) © 

^tJ?r|213lC^-r. 133{C*3I,»T, 2 1 ISP ^TMtlSr* 
JPLfcS i S«^6ft-5PS!^fr*«, 2 2(iPl¥ 

^<*»«2 1 <D3m\zm&.&HzwtfLVtz>f— hmitm^ 

•2 3(iy- hmtm2 2 ±\ZMf&LtiTM<D / f— hM 
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3 

ffi. 2 4tt«^NSffi«£l£«Ji (2 X 1 Ol9cm-3g 
3D « 2 5«S i 02 «M h*"^*— ;k 2 6fciS!HN$! 
SSS3!ttfStJf (2X10»cm-3i«) . 2 

U+l-'f h'l. 2 8tt+MJ1J--f H^D-fe^lcfcONSift* 

•[0 0 0 6] 

•[»*ftl<J:3d:t5ga] LfrL&tfZ. ±SE© 

Lfc#fjg«, f ^ - ^t^5 O >I^TOM O S 1 10 

Sy- MBifCtty- H6*J/JnS < fc^Tfc, #Ij6_LB 

id ^3 *** S 0 liin L- U ^fc tt> X' $> -5 . 

•[0 0 0 7] 0 4ttt£3|£W©N^^;PMOS F ET0 

*K «tt#y-hgLgate (/zm) £t*U *6fffld^fi 
y— hiffi&fcO© h7>^3>^^>^Gm (mS/ 
mm) fc*, h7>X3>^^>XG 

mSNft^MOSFETW F W >^iiit£ I dsi 

y-hSffi^VgstLfct^tC. dldsXdVgsT 20 

•[0 0 0 8] 0 4tC*3^T, — #±©fii|g7&i®«©«jg 
©Nft*MOS FET04#14T&O. T®3*ffli 
i*5Tiy- hP^©N5P^;PMOSFET©!NHS:T 
S*SiMfdU 6nm, 2 4nm, 3 6nml;M 
tTH5. ^©MOSiFETtt, y-hSE{b^Ptox 
i!4nm-e$D, ->>y;UK l/-f >ffimT*$>Z>„ 14± 

®#©^ig-rtt, y-hfi*»/hs<&*t h^>x 

y-H*M^<S^tt)h7>73>^3'> 30 

•[ooo9] ^-rosa«KT»cifiHj-r^iiD-e$.So -o 
&B*iEJiicftoi9-r*ott*t)«e>Tffi»T»D, bfc# 

#»S2 1 t»HNS!iB««lt«««2 4©«*, "P* 

v p si¥iii#s« 2 1 i:m^Nmmmmmwi.mwi. 24© 

»Ml*TS©y-Ml2 3 J: 3 

^t>-a-*©*»HiiT*a. »^a«©Hi«8*aE<Kft 

©«^Nl!K»aEtt*««2 4*«PSHM**M£«2 10 
8BT^a^TLSK MOSS^a&tt&Broy-f* 
fc-BWe. 8Ml)55TS©y'-MS2 3« 

•[ooio] t^stf, ±SB©»£ffifia»j»ir»»fl:ii© 

«B« (Tffl©y-h««2 3 0DW«J:Dn«O««) K 
j6**»Si, Pl¥i#SS2 1 <0*ffifc*»t*TS!©y 

tt. y- h«B 2 3 tCIBoy- httYbM 2 2 ®||J*tf 50 



4 

t H— y*nT*6f PfflO**T**«DT, y— h« 
i2 3 ley- h«ffiS:i)P^^v:<ttCct <3> TSffl^-h 
mB2 3©W^©ItTI::y**;l'SB£^l£Lfc<hLT 

5^n-€-©*^ssiT»i!isnTu*t^ y- hft*«S< 

*>mtmm % nmit \z j: * a*- x tr— ^ ©j&s tc j; ^ t 
*sbw*y-hKftii»*»**b. y^ 

&-&«<»:®*t:&5«, c©jS-c"be»*o«iip*iMifiU 

•[ooii] sfc. y— i o MmT. y— MMt 

IfAMnmfflMOSFETflt hfiiaAU 0 t 
CiSMtt9 p s Umzt$.Z>. ^©RCjIJttte, ->-hjg 

y- H^ic<ke»-r-^T'*^„ 

y— hfi**0. 1 5itm©CMOS^DtXt:*^T 

»a. *0y->isu3 op sistw^n, y-h 

•[0 0 12] c©fi©SWtl y^r— XitX=^p> 
SH^TtCfc^T, KHj^^ituns-B-c-Dy-h • F V 
-f >M***fi«-r -6C i^T: fete, y-hjg 

•[0 0 13] 

•{siiH£#8t"ra;fc»©^a] ijt^it2^©Mosi« 

■ne«tnsraiRwc»jSEu, y-h*»«t.t«ry-h« 
y- h«B©MsgB<ty- MfeBBtoiHty 

p^uj&u ¥®#»^©y-h*6i^iK^»tjm«(c- 
** ©«aa8fl:gioT-c»vs**ws £*-r -s t <t *> ic ¥ 

|6]SSg|5 t -St L, V - X X K W > £ /s: Z> CDB 2 ^« 
S(DgiSSa:«t^^^B)cb, y- h*«<0_h»*J:^fl!l 

•[0 0 14] ^OMOSI^ggtCi^t, y-h 
•BoWSWity— M»»Bt©IBfcy— h*B©MSfe 
B«kD*1.*ST?aEtffc-»ofllKBfl:lB**»jSan. y 

- bnmtfTMir- bmmiiu o . y- h«B«#j^t 

1* W >Xy-^T»*-»OJB2*«B©«ai«l£« 
B<i:©ra©gggi^iiSnL. Lfc*«t3Ty-N. h'W> 
W*«3&*««Sn*. Sfc, -«<D^2«l|^cOiiS«S 

mitm<Ditfoitito£—2iTz><D-c> y- HttBWT©^ 
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5 

m < u -d tc # t* \-tmm t> wmm? & ^ t (c & & „ ^ ^ . 

y- hffl«©±ge/fttT'& < ffl'JSBtc t>|g l ©£Jg-> 'J it 

•[0 0 15] W#«2HB*UDMOSffliMi#:811tt. §§ 
*3KllE«©MOSS!¥##8Bfc:*V»T. y- Mft» ■<> 
l^tliLT^s. ;©MOSIfi#gIi:J:^ 

y— hi»i^6-?-o±oy- hn®^©s?*cD« 

fiS-r-si&iciisSitey— h**©*ffi;&*siHei&sn*©* 
t«to, y- h*«©+'fr»M;t»*a*#*&snfcv»© 
Kfbi^tty— hffi@©ffl'M^e.y- hms©i*iBBt;: 

aHCifiV>tt«£fc*. bfca*-3T, T§y©BiPgl$£*ffl<-a- 2« 

tcTso»»*ft<t5it*«*atftt). y-h- 
• [0 0 16] m-£m3mm<DMos$i¥m&mmiz. m 

ess. t#a4Et©Mosffl*i#ssi©»i*fe 

$6 l g«SJ©#^#8K©-±®l;:y- h«6i»l&£ 

j^BKb. c©y-h^K±»c'T^->^h*-k°>y$n 30 
2©«tn4^[*ie»c*ab, o^T^2©*mi4«±© 

Jf--bmM\ZtzZ>ffi?Z.<DtiLW.iZy* hl^X h£/1*- 

©-±ffi*^m-r-&^T*aj?wicx-y5 i >y-r ; 5<, •?-© 

hl^X h£Bfc*b. SHtllKCcfcDSgl <Dm 

tf \Z£K) m 2 ±«£¥»# 
fcrtfiL/fcKftHtSSB 2 ©3l®ttffil©<B!lgBJ: O^tB bfc 

«iaMft:Bt©TT?a^*^«s t*-r* £ £ *>iz*m& 



6 

*«L. o^Ty- h1lffi©±^:te«fctfffiiJgB«i:-#©|fi 

•[0 0 17] £©MOSS¥*#£lt©aSj62rffifc:«fc«> 
t. y- h«S#W H-hf>ysnfcS5 1 ©*im 

»«tt«©HMbu-i-j:D*s^fc«>K. y— h««© 

• [0018] #w#**aBic*w 

#fcy— H«ffi**safc:UnA*cit*«-c*, — *f©«ffi 
KftKTtci«iatto»»3&»a*i:ttta:v»o-c. T^y 

m?z>z\£u\zts.z>. ts.a>. mmft&mmz'&zziitf 

«TfgTa&-5©tt, m<tU— h©jSl^£fiJfflbT— *f©flj 
Biftit**l/TM*®T, ^-©g££*f 

•[0 0 19] -SOMKftRCAO. y— h« 

t^ijnstfti:. y- h«s©±«*itt-c&<« 

»*5'>J*'f HftTT*. y-h«tt36»+»»C««*n 

•[0 0 2 0] ^«5fB«©MOSS¥^Sft©ffiifi 
If 4 IB«©MO S S¥iSft:gt0SIM 
fcfct^T, y— h^KSrS-fbKtbTV^. '©MO 
6S*HI#tS«fc:J:S<!:. y— Mft»R*»S*©±©y 

-»©«fi»-(b«i*»rtc-r*iR«c**tty- h«s©(»j 
o*8*6y- h««fflrt*icr^iA»t>Ty— h*6^K«t 

*Wr fcJlff T-5 d <htC7i 0 , — «©#JM^<b^*VN*- 
■K h* — ^ tft tc & -5 © # iW A tl T BS m ^ {C ifi «sg <h 
ftO. y-h*«#SSWfcT£!K:ifiV>ttflBK:fca. b 
fc^oT, T^©ffllgE^i^<-ti:-r{CT^©p]gR$rg<i- 

•[0 0 2 1 ] 6 ffi«©MO S ^¥^^M©Si3fi 

M#a4SfettM*iM5ettQMosai¥*tt 
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•[0 0 2 2] 

MOSS¥^#SB©lli£©^S i .K*tt&Bfi®0T;&-- 

^e^-5P^¥«#*«T**«.„ 2liPIfMSSl I" 
©-^E±t'^S?WlCJgfiEbfeS i 3 n 4 ^e-ft&y 

-h*fi^KT-$.-5. 4«y- h*eeK2±tcis^e»nfc 

12 ©SaSSBckDrt^fC^SIbT^S. 3«y-Mli4 

1"fc®lT*<&9. * (Dimity- bSH4©SSBB£i&X-. 2 
6 icy- hS&gsffil 2 ©SSB£il£;lT41-7J TV> 
5«PS¥^S«l©y-h*6iife^2?rifttXSH^ 

**— 2*©<Ml£gHfca 3 ©*t faSsggp b. —St LV-X/ K V 
a«jSViNSS5jaaS£«S[^, 5 b«iV>Niatlta& 

■h*^P-fcXlC<tO^Stl, — #©#JMgHt;£l 3 -CIS* 

•[0 0 2 3] 01 fflMO s %)*mftigWi<»ffim-T?!&m&) 30 
ftC<hte, y—h««4 Ufc 
-jfc*Wffl!lM^ft^3^^>fc«6(C, afflW^TSHdifi© 
y— h«S4 iftoT43 9, £©— :** ©ffiiMHteSI 3 © 

t, y- hmffi4<?>±.ffltztt-eti.<mmz>b&m>'W 

-f F*6S#J*bTV»*;:£:<!:. — »©flttBHtHI 3 T 
©&2§SffiSJf 5 J&«*tr» C 

•[0 0 2 4] ft*. ±E*t60»«6-Ctt. y-h^K 
•2 tt^ij 3 >tg<bitI^UT^fc)!|5 1 > 'J 3 >*ft* 
TML.tfeJ;v>. co*«50D»18k:J:*i:, y— htt <° 
S4<DMSISgRi:y- HS6&K2 ©Hlcy— h«ffi4©ffi 

fcct. Tgy-nata:?), y-h«*4o«a5t 

-tt<Dm 2 3£mSJ©fiiS£&«tJf 5 CO P 1 
©8HK*tt*«£ffiii*— *f<DfflttS6ft« 3 ©*H6j3S 
gBt-ifeSitfc©-?. y— M6*Bt2T©^- + *;U«t 
44 PSf »#3I« 1 CWCifrty- h«BE**3S 
Kin*.*;: -#o#I8ftl3Ti:y-M 50 



8 

SgSj^^it^S-Br-S^i^T^^. Sfc. y— MS4 

«i«bT^«©T. y— h»tfl:s+»Kfi*-r«^«t<« 

•[0 0 2 5] y- h«5&lS2^6-€-COJhC0y- h 

*«4^©i&*©«i&a<«E«sn, y— h*e*i«2±k: 

©fi!ia^e.tt*&an-5©*-iftD, y— has4©+iC> 
s^ai^ftissnft^cDTj. SMb««y — MS4 

©«S*^y- h«®4©rtBK»Clft]A^Ty— h«6^1 
•2 tKTfrKJtfr-f S^fcKfctK -»0«Mfti3 

a* a— x t*— ^ tc ft ^ © a<#p x. e> nxesiza ^ \z m. v » 

ttJBifc y— MS4 Sl«fiftTS!Kifi^SC 

Olll»*ft<t5ui)l«SltftO. y-h * HW> 
WJ#«S— e<S«TS^t*«pItEi:ft-5. —ft© 

g 2 ^m^©ii5ssi£mp 5 ©sgswc&jg ~> u -y-r h 

K7 £J&Ji£LTV>£©T, V— F W S'WStt'bi* 

•[0 0 2 6] [MO S 3!¥3ltt£II<Z>S&;&&<Z>£l&0 
i2 (a) ~ (d) ttC©»fl©MOSfifi# 

So J&TF. @2*#IbW^, MOSIfifgiffl 
«ifi#ttfc:-3V»TBlWr2>. *-T0 2 (a) iz^-T^o 

mWzPMS iS»f.ft5PIfiM«i i± 
ICS i 3 N 4 y— H*fe@fclBll 2^8nmlg[CMt 

ft*3, Pl**#*fil lltS i3N4^-h<6 
mmi 2\Z\t&* l~2nmSS©S^Kft:K**^S 
tlTt)<tVi„ -^©^-g-tCttS i 3 N 4 y— h*6ig:lgil 2 
B4nmiIlcML,. K^tt^Tf 4~ 5 nmgKI: 
ft-5«t5(d|S^-r-5o fti3. d^^-g-roigwiUffiiL 
K\t. PI¥tft««l l±l:i~2nmiSoeit 

^m^fieanfc^. s i 3 n 4 y- 1 2 sr*t 

$€>tC^-©^S i 3 N4 y-h*6i»Kl 2±l:l 
~2 nmgflEW&^SKftitA^jatSnaJltfCft*. 
•[0 0 2 7] 0#*tC> S i 3 N 4 y- 121 
\z. F-y^S->'Jzi>«l 3*J;^7> h*-y#i^ 
S->'Jn>^l 4^S-^^iP6 0 nm. HOnmiS 

UNiT. 2 x 1 020 cm-mm-iz h*— tr>y$ nt^ 
fl/>?Xh (m^-iir-r) &*»u ^©«T>K-y# 

^•/'J3>gl 4±©y- hill 6 (0 2 (c) , 
•(d) #B8) {Cft-S3f^©fig»C7^ hUy^ 
±-5tC/^ — ->yT-2>. fit, 7* M/yXh^ 
t UTSfi*iaiKSfi^a*ttXy ^>y«rff 3 
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•[0 0 2 8] 0 2 (b) iZT^-f^oiZ. ^17 

^mmnm% (H2 0 + 02 tig) tT8 5 cc 1 5 
1 4 ±<D±M&<kzf®mizz ! - y-mm 1 6 ©sggB^ 

t>ftmtfamz&* 1 0 nm, ^20nm, PI¥^ 
#:l«H±l:2 0nm, £fc K-y^SSfiv 'J 3 >g| 
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